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We have searched for bound states in the ttAA*' system by solving the nonrelativistic Faddeev 
equations, as well as a relativistic version, with input separable nN, tvA, and AA'^ interactions. A 
bound-state solution, driven by the A(1232) and E(1385) p-wave meson-baryon resonances, was 
found in the channel (7, J^) = (|, 2^), provided the A laboratory momentum at which the AA'^ '^Si 
phase shift becomes negative is larger than piab ~ 750 — 800 MeV/c. Other strange and charmed 
nBB' systems that might have bound states of a similar nature are listed. 
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I. INTRODUCTION 

Experimental searches for dibaryons have been inconclusive. In the nonstrange sector, pion-initiated reactions 
and pion-production reactions were used to search for low-lying narrow t:NN resonances below the AA'^ threshold, 
aiming particularly at channels with quantum numbers inaccessible to NN configurations P|. Several broad NN 
resonances are known near the AA^ and A A thresholds and may be attributed to quasibound states in these channels, 
as summarized recently In the strange sector, extensive searches have been conducted for the H dibaryon, 

with strangeness S = —2 and quantum numbers {I,J^) = (0,0"*"), which originally was predicted to lie below the 
AA threshold Q|. Only few dedicated searches for S* = — 1 dibaryons have been reported, for low- lying L — 1 AN 
resonances in singlet and triplet configurations that were predicted in a quark-model study by Mulders et al. Q 
near the Y,N threshold, but negative results particularly for the singlet resonance were reported in Ar~-initiated 
experiments 

Here we look for low- lying S* — — 1 dibaryons associated with a 'molecular' vrAA^ structure, by solving three-body 
Faddeev equations with pairwise phenomenological separable interactions. The AA^ system is known to be unbound, 
with s-wave forces in both singlet and triplet states that are overall attractive and which yield scattering lengths of 



order — 2 fm (10|. The question is whether or not the pion is able to bind an s-wave AA^ pair within a ttAA^ bound 
state, or a resonance. Since the s-wave nN and ttA forces are very weak we consider the p-wave resonances 
A(1232) (|, I ) and E(1385) (1, | ), respectively, thus studying the TrAiV three-body system with s-wave baryons 
and a p-wave pion in a (|,2+) state, where the AA^ subsystem is necessarily in the ^Si configuration. For first 



'Electronic address: 'avragal@vms.huji.ac.ilj 
t Electronic address: humbcrto@csf m.ipn.rnx| 



2 



orientation we neglect the ^Si — "^Di channel coupling which becomes important near and above the SiV threshold. 

For all three partitions of this (|, 2+) state of the TrAiV system into an interacting pair and a spectator, the orbital 
angular momenta, spins, and isospins couple to their maximal values and, therefore, the spin and isospin recoupling 
coefRcients are equal to one. This three-body state is likely to represent a state with maximum possible attraction. 
Furthermore, the fact that the spin and isospin recoupling coefficients are equal to one allows for a formal reduction of 
the present three-body problem to that of three spinless (and isospinless) particles. We comment that a similar choice 
of (/, J^) = (2, 2+) for irNN, with each ttN pair interacting in the A(1232)-resonance (|, |^) channel, is impossible 
since a two-nucleon / = 1,'^S'i state is forbidden by the Pauli principle. 

Since we are interested in the bound-state region of the ttAA^ system, it is justified in first approximation to neglect 
the coupling to the higher-mass systems KNN, tt'SN and KSN. The effect of the coupling to these higher-mass 
channels will be partly taken into account by adjusting the interactions within the ttAA^ system to the available 
experimental information on the two-body subsystems. Less justified is the neglect of the coupling to the lower- 
mass EA^ system, with a threshold about 60 MeV below that of ttAA^. This coupling renders ttAA^ bound states 
into quasibound states through shifting and broadening the zero-width bound states obtained when the coupling is 
disregarded, unless the binding energy exceeds approximately 60 MeV and the ttAA^ state is genuinely bound. In 
the present, exploratory calculation we ignore the coupling to "EN. Potential models generally yield fairly weak Y.N 
interaction in the relevant ^Z?2 and ■^Z?2 configurations [l^. The quark model of Ref. [3] does not have any (|, 2+) 
S = —I dibaryon candidate in the vicinity of the vrAA^ threshold and below it. 

The plan of this paper is as follows. In Sec. |TT]we discuss the choice of two-body interactions and the three-body 
Faddeev equations solved in the nonrelativistic case, and report on the binding energies calculated for the (|, 2+) ttAA^ 
system. The corresponding analysis of, and the binding energies calculated in a relativistic version of the three-body 
model are discussed in Sec. IIIII The paper ends with a brief summary and discussion in Sec. IIV( where additional 
strange and charmed irBB' systems that might admit bound states of a similar nature are listed. 



II. A NONRELATIVISTIC MODEL 



A. The two-body subsystems 



Since both ttA and ttN subsystems are dominated by p-wave resonances, we assumed a rank-one separable meson- 
baryon interaction 

ViiPi,Pi) = -~9i{Pi)9i{p'i) ■ (1) 
The corresponding two-body i-matrix is given by 

U{j>i,p[]E) = -gt{pt)n{E)g^{p'i) , (2) 
where E is the energy in the two-body center-of-mass (cm.) system and 

gnp^) 



POO 

r-\E) = l+ P^dp^-f^: 
Jo — p, 



(3) 



f/277, -f ie ' 

with rii — mjmk/imj + nik), where e^fc ^ 0. The form factors gi{pi) are chosen of the form 

5.(P.) = ^/7^K(l+P■)e-^'/"^ (4) 
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TABLE L Parameters of the pion-baryon separable potentials Eqs. Q and ([Sjl, Ofi (in fm ^) and 7^ (in fm*), for the nonrela- 
tivistic model. 







77r]V 




7irA 


Eq. @ 


2.021352 


0.02116 


2.523999 


0.00564 


Eq. © 


1.560768 


0.06244 







where the two parameters 7^ and ai were adjusted to the position and width of the corresponding resonances, as 
given by the Particle Data Group 1^. These parameters are listed in Table I for the irN and it A subsystems. We 
also constructed a second model of the ttN interaction of the form 

9^ip^) = VT^P^[l + {p^/'^■5f + {p^/1.35)\-''" , (5) 

which reproduces in addition the ttN P33 scattering volume. The parameters of this model are also given in Table [D 
Note that Pi in Eqs. Q and (O assumes values in fm~^ units. 

For the '^Si AN subsystem we assume a rank- two separable potential consisting of both attractive and repulsive 
terms 

V^{P^,P^ = -9?{Pr)gnP'i) + 9l{P^)9l{p[) ■ (6) 

The corresponding two-body i-matrix is given by 

U{p,,p',-E) = - J2 9riPiK^iE)g^ip'i) , (7) 

a=a,r /3=a,r 



where 



T°-°-{E) = 1 ~ jE) 

' ^ ' [l + Gr{E)][l-GY\E)] + [G'i-{E)Y ' ^""^ 

rr^pN 1 -I- Gf^jE) 

[l + Gr{Em-Gl-{E)] + [Gf'{E)]'^ ' ^ 



Gf{E)= Hpl 
Jo 



9?(.P^)9Up^) 

' E^pl/2T^,+i€ 



dP^ z. :27ol • (11) 



The form factors gfipi) are chosen to be of the Yamaguchi form 



5ffe)--2^ iP = a,r), (12) 

Pi "T "/3 

where the parameters Ua, 'Ja, ctr, and 7^ are adjusted to reproduce given values of the AA^ ^Si scattering length 
and effective range for different values of the A laboratory momentum at which the ^6*1 AA^ phase shift becomes 
negative, changing sign from attraction at low momentum to repulsion at high momentum (as discussed in Sec. Ill Cjl . 
The values of the scattering length and effective range adopted here are a = —1.86 fm and ro ~ 3.13 fm, respectively, 
corresponding to model ESC04d of Ref. 10|. These values are very close to those in models NSC97e,f [13| which have 



been widely used in A-hypernuclear calculations. 
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B. The three-body system 

Since all the angular momenta, spins, and isospins are coupled to their maximal values, the recoupling coefficients 
of spin and isospin are equal to one, and the Faddeev equations depend only on the orbital angular momenta A, L, 
where L = + A, with L ~ \. The values of ^ and A are £ = 1, A = for configurations in which the pion interacts 
with one of the baryons while the other baryon is a spectator, and ^ = 0, A = 1 for the configuration in which the two 
baryons interact while the pion is a spectator. 

Below we denote the A hyperon as particle 1, the nucleon as particle 2, and the pion as particle 3. Thus, the 
Faddeev equations for the bound-state problem, using the separable potentials ([T]) and ([6]), are 

2 ^c>c 

r,(qO = ~n{E - qy2v.,) J2 / dq'^H,dq^, ^i)T,is^i) = 1,2), (13) 
with Ui — raiirrij + mk)/{mi + nij irik), where €ijk ^ 0, and 

/>oo 

H,,{q,, q'^) = (1 - %)if.,(g„ q'^) - dq^K^^iq^, q3)rf{E - ql/2,,s)K^^{qs, q'^) . (14) 

„ n Jo 



a=a,r I3=a,r 



The kernels in Eq. (fT4|) are given by 



9i{Pi){Pi -^2)52(^2) 



Ki2{qi,q2) ^ 7;1il2 I dcose- j— jt:^ ' (15) 



T^a / N 1 f , 53 (P3)(93 •Pl)gi(Pl) 

2 J-i E -pi/2rii- q( 2iyi 



-^^23(92,93) :^9293 / dcose- — -J— . (17) 



.1 E - pI/ 27^^ ~ql/2vz 

From the three previous expressions one obtains the other three that correspond to Kji{qj, g,) — Kij{qi, qj). One can 
calculate p^, pj, {pi ■P2), {qz-pi), and [p2 ■ qs) by using 

Pi = -9j - aijcfi , pj =qi + aj^qj , (18) 

where is a cyclic pair, cosS = qi ■ qj, and 

TOfc mfe 



In order to find the bound-state solutions of Eq. (|13p , integrals were replaced by sums applying numerical integration 
quadrature. In this way Eq. ([T3|) becomes a set of homogeneous linear equations. This set has solutions only if the 
determinant of the matrix of its coefficients (the Fredholm determinant) vanishes at certain energies. Thus, the 
procedure to find the bound-state energies of the three-body system simply consists of searching for the zeros of the 
Fredholm determinant on the real energy axis. Some limiting situations are discussed in the Appendix. 



Results 



In the last column of Table HTl we list the calculated binding energies iJ^rAW of the ttAA^ system in the (/, J^) = 
(|,2+) channel, for the ttA and ttN interactions recorded in Table [J and the various models of the AA^ interaction 
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TABLE II: Parameters of the A7V ^Si potentials (I12|l ap (in fm~^), 7^ (in fm~^) in the nonrelativistic model for a = —1.86 
fm, ro = 3.13 fm, and the binding energies -B-^ajv (in MeV) of the three-body ttAA'' system calculated using the nN and ttA 
potential parameters listed in Table U] Eq. [the B^^an values in parentheses correspond to the ttA'^ parameters listed in 
Table Ul Eq. ([5])]. The momentum p[^^ (in MeV/c) is the laboratory A momentum at which the AA'' '^Si phase shift becomes 
negative. 
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(0) 


-BttAJV 


1.437 


0.4179 


- 


- 


- 


140 


1.6 


0.8118 


4.0 


5.54 


1184 


111 


1.6 


0.8053 


6.0 


26.0 


1069 


96 


1.6 


0.8064 


8.0 


86.0 


1045 


86 


1.7 


1.195 


4.0 


10.0 


975 


92 


1.7 


1.186 


6.0 


51.0 


910 


66 


1.7 


1.190 


8.0 


190.0 


899 


52 


1.8 


1.735 


4.0 


15.5 


877 


72 (67) 


1.8 


1.718 


6.0 


86.0 


834 


38 (37) 


1.8 


1.745 


8.0 


405.0 


826 


21 (23) 


1.9 


2.513 


4.0 


22.7 


814 


51 


1.9 


2.501 


6.0 


145.0 


784 


9 


1.9 


2.573 


8.0 


1150.0 


779 


unbound 


2.0 


3.588 


4.0 


31.4 


777 


31 


2.0 


3.602 


6.0 


244.0 


753 


unbound 


2.1 


5.125 


4.0 


42.9 


748 


10 


2.2 


7.311 


4.0 


58.0 


728 


unbound 



also listed in Table |TT1 Most of the results are given for the choice Eq. (|4]) of the ttN form factor, except for the 
aa — 1.8 fm^^ runs for which listed in parentheses are also the binding energies obtained using the other choice 
Eq. ([5]). The dependence on the type of ttN form factor is seen to be rather weak. We also checked the sensitivity 
to the strength parameter -fTrA', for example, the ttAA^ bound state for the case Bj^an = 51 MeV listed in the table 
disappears as soon as the standard value Jt^a — 0.00564 fm* from TableUis decreased to 0.00524 fm'*. The dependence 
on the AN interaction is shown in detail in Table |TT1 Essentially, the various AiV models differ from each other by 
the amount of repulsion they contain. For a given value of range parameter for the attractive AA^ component, 
the calculated binding energy decreases as the repulsive component gets pushed inside and requires a larger strength. 
For a given value of range parameter for the repulsive component, the calculated binding energy decreases as the 
attractive component gets pushed inside, or equivalently as one lowers the momentum where the AA^ '^S'l phase shift 
changes sign from positive (attraction) to negative (repulsion) values. It is seen that the bound state persists as long 
as this A laboratory momentum is larger than about 750 — 800 MeV/c. Incidentally, this is precisely the range 
of momenta at which the AA^ '^S'l phase shift goes through zero in Nijmegen YN potential models that relegate the 
^Si — '^Di attraction near and above the TiN threshold to the '^Di channel [l^. 
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TABLE III: Parameters of the pion-baryon separable potential Eq. Q, Oi (in fm ^) and ji (in fm^), for the relativistic model 
with on-mass-shell tt meson. 













Eq. @ 


2.231357 


0.219260 


2.720821 


0.083916 



III. A RELATIVISTIC MODEL 



Since the binding energies calculated nonrelativistically, for some of the cases listed in Table |TI] are a sizable fraction 
of the pion mass, it appears necessary to take into account relativistic effects. Therefore, we will reformulate our 
model in terms of a relativistic on-mass-shell-spectator formalism 14 , [isi [l^ . In this formalism one starts with the 
Bethe-Salpeter equation for three particles which is set in a Faddeev form. The four- vector equations are then reduced 
to three- vector equations similar to the nonrelativistic Faddeev equations by putting all the spectator particles on the 
mass shell [ist . 

In order to reach a relativistic generalization of Eq. (jl3p we make two approximations. First, the negative-energy 
components of the fermion propagators are neglected; and second, the spin degrees of freedom are treated nonrela- 
tivistically by means of Racah coefficients (which are equal to one, as pointed out above). These two approximations 
are reasonable since the two fermions A and N are very heavy compared with the pion. Thus, as pointed out in the 
Introduction, our model formally reduces to that of three spinless (and isospinless) particles interacting by pairwise 
separable interactions. 



A. The two-body subsystems 

In order to fit the p-wave resonance energy and width in the ttA and ttN subsystems we considered the two-body 
Bethe-Salpeter equation for the pair jk with particle j (here the pion) on the mass shell interacting through a rank-one 
separable interaction defined by Eqs. ([T]) and (|4]). Recall that pi, the magnitude of the relative three- momentum of 
the pair in the cm. system, is Lorentz invariant since it is expressible in terms of the invariant mass of the relative 
momentum four-vector. The corresponding two-body i-matrix in the cm. system is given by 

U{Pi,p[;^o) = -9t{pt)n{uJo)gt{p'i) , (20) 

where is the invariant mass of the two-body subsystem and 

T, (cjo) = 1 + / 7 ^ 9 — — , (21) 



with ujj = y to| -I- pf and uJk = \J + p| . The parameters of these separable potentials are given in Table IIIII 
We did not pursue the option of keeping the respective baryon on mass shell, with an off-shell pion, because of the 
appearance of a persistent unphysical two-body bound state for this choice. 

For the AiV subsystem we again used a rank- two separable potential defined by Eqs. ([6]) and (fT2| so that the 
two-body i-matrix is given by Eqs. with E replaced by wo and G"'^{E) of Eq. ^ replaced by 

X r p1dP^ 9f{Pi)9^{Pi) 



7 



The parameters of these separable potentials are listed below in Sec. IIII CI 

B. The three-body system 

The integral equations for the three-body problem are given by 



= -n{Wo; q^) V / dq'^H,,{q,, q])T,{q]) [i = 1, 2) , (23) 
where Wq is the invariant mass of the three-body system. The upper limit of integration, 

'i'^^^ = 2Wq ' ^^^^ 
is the momentum at which the invariant mass of the two-body subsystem j is equal to zero so that it then recoils 
with the speed of light [l^. The entity Ti{Wo\qi) corresponds to the i-matrix ((20)) - ([2T|) in an arbitrary frame where 
the spectator particle i (which is on-mass-shell) has momentum qi , particle j (which has also been put on-mass-shell) 
has momentum qj and particle k (which is off the mass shell) has momentum —qi — qj. It is given by 

i r ..... iM 



1 p p° 

r-\Wo;q^) = l + - J ^dcos9 



2ujj (Wo — LUi — ujj)'^ — Luf,+ ie 



with 



(25) 



= V "^| + qf , ujj^ Jmj+ q] , (26) 



UJk \/ml + qf + q^ + 2q,qjCOse . (27) 
The magnitude of the relative three-momentum pi is a Lorentz invariant given by 



(28) 



where Pjk — kj + kk is the total four-momentum of the pair jk and kk is the four-momentum of particle fc, i.e., 

P% = (1^0 - c^O' - 9f , (29) 

kl = (Wo - - ujjf - qf - g| - 2q,qjC0se . (30) 

Eq. ([25)1 reduces to Eq. (|2ip when qi = 0. Similar expressions apply to the relativistic version of the AiV t-matrix in 
an arbitrary frame t^^{Wo; qs). 

The kernel of Eq. (j23p is given by Eqs. (fT4|) - (fT7|) . where the upper limit oo in the integral of Eq. (fT4|) is replaced by 

(3) 

Qmax, and the following substitutions are made: 

1 11 

(31) 



E - p]/2t]j - q]l2vj 2ojj (Wo - uj., - uj,f - ul 



Wf - qf + m^^ ^kl + 2u;, ^Wf - qf 
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TABLE IV: Parameters of the AA*' "^Si potentials p2|) ap (in fm^^), 7^ (in fm^^) in the relativistic model with on-mass-shell 
nucleon, for a = —1.86 fm, ro — 3.13 fm, and the binding energies B^tAn (in MeV) of the three-body ttATV system calculated 
using the nN and ttA potential parameters listed in Table Hill The momentum (in MeV/c) is the laboratory A momentum 
at which the AA ^5*1 phase shift becomes negative. 
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4.0 
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152 


2.0 


309.2 


6.0 


12100 


823 


93 


2.0 


313.0 


8.0 


54500 


813 


69 


2.1 


446.9 


4.0 


3080 


823 


121 


2.1 


434.3 


6.0 


18000 


788 


59 


2.1 


440.8 


8.0 


105000 


783 


35 


2.2 


626.6 


4.0 


4100 


791 


94 


2.2 






^OOKJKJ 


7f\R 
1 uo 


OJ. 


2.2 


632.5 


8.0 


350000 


756 


unbound 


2.3 


878.5 


4.0 


5400 


766 


69 


2.3 


845.8 


6.0 


40700 


746 


unbound 


2.4 


1217 


4.0 


6930 


750 


48 


2.4 


1189 


6.0 


68000 


733 


unbound 


2.5 


1728 


4.0 


9200 


730 


21 


2.6 


2354 


4.0 


11400 


728 
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(33) 



= Wo - w^ , Wj = Wo - . (34) 

Eq. pip is the propagator when the spectator particles i and j are on-mass-shell and the exchanged particle k is 
off- mass-shell. Eqs. correspond to the relativitistic kinematics with particle k off the mass shell. 



C. Results 



In the last column of Tabic HVl we list the calculated binding energies B^rAAf of the TrAiV system in the (/, J^) = 
(|,2+) channel, for the ttA and ttN interactions recorded in Table Hill and the various models of the AA^ interaction 
listed also in Table Hvl The dependence of the calculated binding energies on the ranges of the repulsive and attractive 
components of the AA^ interaction is similar to that found in the nonrelativistic calculations. A bound state in the 
relativistic model persists as long as the A laboratory momentum at which the AiV phase shift becomes negative, 
is larger than about 750 MeV/c. A comparison between Tables lU and lIVl reveals that the relativistic model provides 
more attraction than the nonrelativistic one, in agreement with the slower increase of kinetic energy with momentum 
when relativistic kinematics is applied. 
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IV. SUMMARY AND DISCUSSION 



We have used a nonrelativistic separable potential model and a relativistic version of it, solving three-body Faddeev 
equations, to search for TrAiV bound states. In both models we found that a (/, J^) — (|,2+) bound state is likely 
to exist, provided the A laboratory momentum p^'^l^ at which the ^Si AN phase shift becomes negative is larger than 
about 750 — 800 MeV/c. This agrees with the range of momenta at which Nijmegen YN potential models, where 
applicable 13|, predict that the "^Si AN phase shift goes through zero. The Jiilich '04 model \v\ and the recent 
chiral EFT approach 18| predict that > 900 MeV/c, so that the existence of a ttAA^ bound state in these models 
appears robust. The Nijmegen and Jiilich YN potential models differ considerably from each other within the AA^ 
= 1+ coupled channels also in the behavior of the ^Di phase shift. The ^Si — "^Di coupling was neglected in 
the present exploratory three-body calculation, a neglect that might be justified in applications of the Jiilich models 
where both the coupling and the size of the '^Di phase shift that builds up above the Y.N threshold at piab ~ 630 
MeV/c are weaker than in the Nijmegen models. However, all these YN models have been constructed to fit primarily 
low-energy scattering data which do not unambiguously constrain the short-range behavior of the ^Si AN system. 
The extent to which the two-body short-range repulsion varies between 'soft' to 'hard' is crucial for the three-body 
system's ability to bind, with the p-wave pion maximizing its attraction to each one of the baryons simultaneously. 

More realistic three-body calculations will have to include E hyperons, extending the AA^ channel into ■^S'l — "^Di 
AN — UN coupled channels, and the ttA channel into vrA — ttE coupled channels. Although the 1=1 KN channel 
also couples to these nY coupled channels, in first approximation the three-body KNN channel is decoupled from 
the ttYN coupled channels for (/, J^) = (|, 2+) owing to the restrictions imposed by the Pauli principle on the two 
nucleons. 

To search experimentally for a possible I — = 2+ ttAA^ dibaryon bound state or resonance, which we denote 

by I?, one could try in-flight (if ~, 7r+) or (tt", K^) reactions on a deuteron target: 

K- +d-fV- +TT+ , (35) 



-R- +d^V- +K+ . (36) 

These reactions lead automatically to the required value of isospin / = § for the T) dibaryon. The values required 
for spin-parity, = 2+, are also allowed. In terms of a coupled S~ri system, the orbital angular momentum and 
Pauli-spin are approximately conserved, resulting in two possibilities: and ^D2. These could be explored by 

choosing an incident momentum and a meson scattering angle where the -f p — )■ + 7r+ or tt^ + p —f E^ + 
underlying reactions are largely non-spin-flip (— > ^D2) or have a nonnegligible spin-fiip component (— > ^D2). These 
experiments would be feasible at J-PARC. 

The three-body calculations reported here for the 5 = — 1 ttAA^ system may be extended to other three-body 
systems of the type 7ri3ii?2, with = 2+ and a maximum value of isospin, consisting of a p-wave pion and 
baryons in a relative s-wave state. This precludes identical baryons: Bi ^ 82- Candidates may be classified as 
follows: 

• 5 = —2, —3 strange systems obtained by substituting the SU(3)-octet S hyperon for the A hyperon or for the 
nucleon in the ttAA^ three-body system, leading to ttSA^ and ttAS, respectively. The new ttS p-wave resonance 
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here is the |^ S(1530) belonging to the same SU(3) decuplet which contains the A(1232) and the E(1385) 
considered in the present work. 

• C — +1 charmed systems made out of a pion, SU(3)-octet baryon (excluding the E hyperon) and charmed 
baryon (of the lowest mass for a given strangeness): 

7riVAc(2286) , 7riVSc(2470) , 7riVrJc(2700) , (37) 
7rAAc(2286) , 7rASc(2470) , 7rArJc(2700) , (38) 

7rSAc(2286) , 7rSSc(2470) , 7rS17c(2700) . (39) 

• C — +2 charmed systems made out of a pion and two singly charmed baryons, each of the lowest mass for 
a given strangeness: 

7rAc(2286)Sc(2470) , 7rAc(2286)r2c(2700) , 7rSc(2470)17c(2700) . (40) 

Note the appearance of the VLc baryon, of quark structure ssc. In the case of charmed baryons, the p-wave non- 
charmed SU(3)-decuplet l"*^ resonances are replaced by charmed SU(3)-sextet members of the same extended SU(4) 
20-plet: 

E(1385) ^ Ec(2520) , S(1530) -> 2^(2645) , 17(1670) -> 17^(2770) . (41) 

Here we limited listing to singly-charmed baryons. The only observation we wish to make on a future charmed bound- 
state study is that the 7rA^Ac(2286) threshold lies helow A^Ec(2455), where 2^(2455) is the lowest lying known Sj,, 
with assumed = . Therefore, if 7rA^Ac(2286) is bound, it will decay only by weak interactions. Hopefully, the 
study of these, and other charmed dibaryons will become feasible in due course. 
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Appendix: Limiting Faddeev solutions for nAN, nNN and ttAA 

It is interesting to solve the coupled Faddeev Eqs. (jl3p in the limit of vanishing baryon-baryon interaction, t^^ — 0. 
Eq. (fT4|) reduces then to Hij = (1 — 5ij)Kij, for i,j — 1, 2, so that Eqs. (fT3|) become 

T,; = -nK,, * T, , (z ^ j) , (42) 

where the asterisk stands for convolution. Bound states are obtained by searching for zeros of the Fredholm determi- 
nant corresponding to the operator (1 — tiKi2T2K2i)- Using ttN and ttA interaction parameters from TableHl Eq. ([4]), 
a robust bound state is found at B-^an = 110 MeV. From Table [Til we learn that a fully attractive AiV interaction 
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leads to a higher value of Bt^an, and that the introduction of a repulsive component quickly lowers the calculated 
BttAN values below that for a noninteracting AiV pair. 

Next, let's make the two baryons identical as far as their mass, spin-parity i^, and interaction with the pion are 
concerned. Then, ti — T2 = t and 7^12 = K21 = K . Since one is looking for a symmetric spatial configuration for 
these two s-wave baryons, it is the symmetric combination of the T^'s that is required: 

(Ti + T2) = -tK * (Ti + T2) , (43) 

and the requirement of vanishing Fredholm determinant at bound-state energies becomes equivalent to searching 
for zeros of the operator (1 + tK). The operator t is positive definite for the attractive meson-baryon interactions 
considered in the present work, and the operator K is negative definite at energies below threshold. Thus, if the 
meson-baryon interaction is sufficiently strong, the operator (1 -f tK) will have a zero at a subthreshold energy. 
Indeed for such a fictitious (/, J^) = (2, 2+) ttNN system excluded by the Pauli principle, and using TriV interaction 
parameters from Table HJ Eq. (j4]), we get a bound state with binding energy i?,rWAr = 29 MeV. 

For physical -K N N and ttAA systems, with symmetric spin-isospin configurations chosen, the Pauli exclusion principle 
requires that the spatial configuration be antisymmetric^ leading to the requirement of finding zeros of the operator 
(1 — tK). Since tK^ for the meson-baryon interactions considered here, is negative definite below threshold, this 
means that the operator (1 —tK) assumes values higher than one below threshold, which is commonly interpreted in 
terms of three-body repulsion. It is unlikely that adding secondary interaction channels into this schematic calculation 
will change the conclusion that no bound states are expected for tiBB systems with two identical baryons. 
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